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SUMMARY 
If electronic  devices  should fail ,  t h e  p i l o t  o f  a rendezvousing 
spacec ra f t  mu ld  have t o  depend upon d i r e c t  visual  sensing of important 
parameters, such as range and range rate, i n  o r d e r  t o  complete his  mission.  
A cue f o r  judgments of changes i n  range might be derived from associated 
changes i n   t h e   b r i g h t n e s s  of a beacon l i g h t   l o c a t e d  on the vehicle  with 
which t h e  p i l o t  was attempting to rendezvous.  This report  describes a study 
of the effects,  on such judgments,  of four variables:  beacon f lash rate, 
beacon flontl time, beacon intensity, and rate of  vehicle  c losure.  
Twenty-five subjects viewed a ffpointff source beacon, represented by 
a xenon a r c  lamp, through a lens  tha t  p rovided  a v i r t u a l  image of the beacon 
a t  a po in t  nea r  i n f in i ty .  F l a sh  r a t e  and llonll time were controlled by motor 
driven cams, while rate of  c losure  w a s  cont ro l led  wi th  a servo motor t h a t  
ro t a t ed  a c i r c u l a r  n e u t r a l  f i l t e r ,  t h e  d e n s i t y  o f  which increased  l inear ly .  
I n i t i a l  b r i g h t n e s s  w a s  var ied with a s e c o n d  c i r c u l a r  f i l t e r .  I n  a counter- 
balanced experimental  design each subject w a s  exposed t o  combinations of 
a l l  four var iables ,  each a t  f i v e  l e v e l s .  On c e r t a i n  trials, a "steady11 r a t h e r  
than a flashing beacon was employed. 
The p r i n c i p a l  measure of performance was the  amount of t ime required 
to  discr iminate  a change i n  beacon brightness,  measured from the init iation 
of a t r i a l  t o  i t s  terminat ion by the subject  when he was "absolutely surell 
t ha t  t he  b r igh tness  of the beacon had increased. 
The r e s u l t s  i n d i c a t e d  t h a t  the  thresholds  for  br ightness  increase  
were p o s i t i v e l y  r e l a t e d  t o  t h e  r a t e  a t  which the br ightness  of  the beacon 
increased. A less p rominen t ,  bu t  s t a t i s t i ca l ly  s ign i f i can t  r e l a t ionsh ip  
was a l so  found between i n i t i a l   l e v e l  of beacon illuminance and discrimina- 
t ion  thresholds .  The h igher  the  i n i t i a l  i l luminance,  the shorter  the dis-  
crimination time. 
With in  the  range  inves t iga ted  in  th i s  exper iment ,  f lash  ra te  and 
rronlf time had no s i g n i f i c a n t  e f f e c t  on t h e  time required f o r  b r igh tness  
discrimination. 
The observed results were compared wi th  those  obta ined  in  o ther  
re levant  s tud ies ,  and recomendations both for beacon design and future 
research were made. 
1 
INTRODUC!LTON 
The completion of a rendezvous maneuver without the assistance of 
e lec t ronic  sensors  p laces  heavy demands upon the  senso ry  capab i l i t i e s  o f  
t he  a s t ronau t  who must perform t h e  maneuver. O f  c r i t i ca l  impor t ance  i s  
h i s  a b i l i t y  to di rec t ly  sense  angles ,  angular rates, range, and range rates 
relative to  the  spacec ra f t  w i th  which  he is attempting to rendezvous. The 
pos i t i on  in  space  o f  t h i s  t a rge t  spacec ra f t  may b e  i d e n t i f i e d ,  p a r t i c u l a r l y  
a t  extreme ranges, by means of a f lashing beacon.  Cues derived from the 
character is t ics  of  the beacon may provide the information necessary to  the 
astronaut  as a b a s i s  for h i s  perceptual judgments. 
With r ega rd  to  judg ing  the  r e l a t ive  r a t e  of c losu re  between t h e  
chaser and target  spac 'ecraf t ,  the  beacon will proiride a consis tent  cue;  
the brightness of t h e  beacon will increase,  according to  the inverse 
square law, as the  d is tance  separa t ing  the  two vehicles  decreases .  The 
purpose of the present experiment was to  de te rmine  the  ab i l i ty  of  human 
observers  to  discr iminate  changes in  the br ightness  of a simulated beacon 
as a func t ion  o f  ce r t a in  cha rac t e r i s t i c s  of the beacon. More s p e c i f i c a l l y ,  
thresholds  for  the percept ion of  increases  in  beacon br ightness  were de- 
t e r m i n e d  f o r  v a r i o u s  i n i t i a l  l e v e l s  of  beacon brightness,  the rate of bright-  
ness  increase ,  the  beacon f lash  ra te ,  and the  du ra t ion  o f  t he  f l a shes .  The 
obtained thresholds  differ  f rom typical  psychophysical  thresholds  as a re- 
s u l t  of the  manner i n  which they were determined. Rather than being stimulus 
values  detected 50 percent o f  the  t ime,  the  thresholds  obta ined  in  the  pre-  
sent  s tudy are  considerably more conservat ive s ince they are  intended to  
represent  s t imulus changes that  would be detected very near ly  100 percent 
of t h e  time. 
Examinat ion of  re la ted s tudies  reveals  two relevant classes of ex- 
periments. One c lass  of  s tud ies  concerns  the  ident i f ica t ion  of  s t imulus  
v a r i a b l e s  a f f e c t i n g  t h e  i n i t i a l  d e t e c t i o n  o f  f l a s h i n g  l i g h t s ,  w h i l e  t h e  
o the r  c l a s s  o f  s tud ie s  conce rns  the  Pe rcep t ion  o f  changes  in  l i gh t s  t ha t ,  
i n  e f f e c t ,  have already been detected. 
Detection studies are relevant because the beacon that might be used 
i n  judging rate of c losu re  i s  l i k e l y  t o  b e  t h e  same beacon t h a t  must first 
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be  de tec ted  before  ra te  can  be  perceived.  Consequently,  an  examination of 
beacon c h a r a c t e r i s t i c s  o p t i m a l  f o r  d e t e c t i o n  may h e l p  t o  d e f i n e  t h e  r a n g e  
of c h a r a c t e r i s t l c s  t h a t  s h o u l d  b e  i n v e s t i g a t e d  i n  a s tudy  o f  t he  pe rcep t ion  
of brightness  change. A t  t h e  l eas t ,  it would be  des i r ab le  t o  determine the 
degree of  correspondence between opt imal  character is t ics  for  the two d i f -  
f e r e n t  tasks. 
The e f f e c t s  o f  v a r i a t i o n  i n  b e a c o n  b r i g h t n e s s ,  f l a s h  r a t e ,  a n d  f l a s h  
d u r a t i o n  h a v e  t y p i c a l l y  r e c e i v e d  a t t e n t i o n  i n  s t u d i e s  o f  t h e  d e t e c t i o n  of 
f l a sh ing  l i gh t s .  O the r  va r i ab le s ,  such  as rate of l a te ra l  beacon  motion, 
which  do  not  concern  charac te r i s t ics  inherent  in  t h e  beacon i t se l f ,  have 
also  been  invest igated.   Thus,   Shea and Summers ( r e f .  1) examined t h e  
effects o f  ve loc i ty ,  i n t ens i ty ,  and s t a r f i e l d  background  upon t h e  d e t e c t -  
a b i l i t y  o f  p o i n t  s o u r c e  t a r g e t s .  They appear  to  have  found tha t  ta rge t  
v e l o c i t y  was by f a r  t h e  most important variable,  w h i l e  t h e  d i f f e r e n c e s  be- 
tween background s t a r  d e n s i t i e s  and t a r g e t  i n t e n s i t i e s  ( e q u i v a l e n t ,  t o  
t h i r d  and f i f t h  magnitude stars) were not  grea t .  The v a l i d i t y  o f  t h e s e  
conclusions i s  weakened,  however,  by  an i n a p p r o p r i a t e  s t a t i s t i c a l  a n a l y s i s  
which a c t u a l l y  made use  of  on ly  a por t ion  of  t h e  number of  degrees  of  f ree-  
dom ava i l ab le .  
Johnson ( re f .  2 )  s t u d i e d  t h e  e f f e c t  o f  f l a s h  r a t e  and p a t t e r n  upon 
t h e  time r e q u i r e d  t o  d e t e c t  a stroboscopic  beacon.  Although h i s  r esu l t s  
suggested an opt imal  ra te  of  one f lash per  second,  detect ion times f o r  
f l a s h  r a t e s  o f  o n e  f l a s h  i n  two and three seconds d i d  n o t  d i f f e r  s i g n i -  
f i c a n t l y  from t h e  presumed optimum, nor d id  f l a sh  pa t t e rn  have  a s i g n i -  
f i c a n t  e f f e c t .  
The de t ec t ab i l i t y  o f  l ow luminance  f l a sh ing  l i gh t s  has  been  inves -  
t i ga t ed  by  Wienke ( re f .  3 )  who p r o j e c t e d  h i s  l i g h t s  a g a i n s t  a s t a r  back- 
ground  provided  by a planetarium. He found tha t ,  a t  each  of two luminance 
l e v e l s ,  t h e  p r o b a b i l i t y  o f  d e t e c t i o n  was relat ively independent ,  of  the two 
f l a s h  r a t e s  employed. 
I n  a n  ear l ier  s tudy,  Crumley and Atkinson ( r e f .  h )  worked  on prob- 
lems  concerned  wi th  the  ex ter ior  l igh t ing  of  Naval  a i rc raf t .  A s  p a r t  of 
t h i s  e f f o r t ,  t h e y  s t u d i e d  t h e  f a c t o r i a l  c o m b i n a t i o n s  o f  f i v e  f l a s h  r a t e s  
(.67, 1.00, 1.25, 1.67, and 2.00 per second) and f i v e  f l a s h  d u r a t i o n s  ( 3 3 8 ,  
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SO%, 66$, 75%, 80% "oti" time). Flash rate had no s i g n i f i c a n t  e f f e c t  o n  de- 
t e c t i o n  time, while "onfr times of 66% and below were s i g n i f i c a n t l y  b e t t e r  
than longer  durat ions.  Once  more t h e s e  r e s u l t s  must b e  i n t e r p r e t e d  w i t h  
caut ion  because  only  four  subjec ts  were used and t h e  e f f e c t s  o f  p r a c t i c e  
were not  accounted  for  in  the  ana lys i s .  
I n  summary, it would appear  tha t  phys ica l  ra ther  than  psychologica l  
c o n s t r a i n t s  may be more impor tan t  in  de te rmining  the  charac te r i s t ics  of  
beacons  used  for  de tec t ing  objec ts .  O f  t h e  v a r i a b l e s  p e r t i n e n t  t o  t h e  p r e -  
sent  s tudy,  only rron" time seems t o  h a v e  s i g n i f i c a n t l y  a f f e c t e d  d e t e c t i o n  
time (a s  long  as t h e  i n t e n s i t y  o f  t h e  l i g h t  was wel l  above threshold) .  A l -  
though similar n e g a t i v e  r e s u l t s  may not be obtained when t h e  t a s k  i s  t o  
repor t  changes  in  the  br ightness  of  a beacon,  the detect ion s tudies  appear  
to  be  of  on ly  l imi ted  va lue  in  se lec t ing  paramet r ic  va lues  for  t h a t  type 
of  task.  
I n  a c t u a l i t y ,  t h e  a v a i l a b l e  l i t e r a t u r e  o n  t h r e s h o l d s  f o r  b r i g h t n e s s  
discr iminat ion i s  a l so  o f  l i t t l e  v a l u e  i n  e s t a b l i s h i n g  e i t h e r  t h e  s p e c i f i c  
values or even  the  range  of  va lues  for  parameters  to  be  inves t iga ted .  This  
s i t u a t i o n  r e s u l t s ,  i n  p a r t ,  from t h e  common concern w i t h  r e l a t i v e l y  l a r g e  
f i e l d s  r a t h e r  t h a n  w i t h  a point source as used in  the  p re sen t  beacon  simu- 
l a t i o n .  A s  Geldard   ( re f .  5) has   r epor t ed ,   t he   e f f ec t   o f   f i e ld   s i ze  i s  c r i t i -  
c a l  s i n c e  d i f f e r e n t i a l  t h r e s h o l d s  f o r  small sources  are cons ide rab ly  g rea t e r  
than  comparable  thresholds  for  extended  sources.   Furthermore,  many s t u d i e s  
have employed simultaneous rather than successive presentation o f  t e s t  and 
comparison f i e l d s .  As a consequence,  generalizations from t y p i c a l   s t u d i e s  
a re  inappropr ia te  for  the  present  purpose .  
The effect  of  ra te  of  br ightness  change has  been invest igated by 
Drew (ref .  6) whose c o n c l u s i o n  t h a t  d i f f e r e n t i a l  t h r e s h o l d s  i n c r e a s e  w i t h  
decreasing rates of change i s  i n  d i r e c t  c o n t r a s t  w i t h  r e s u l t s  r e p o r t e d  b y  
Connors ( r e f .  7 ) .  
I n  Connor 's  experiment  the discr iminat ion of  br ightness  differences 
was s t u d i e d  i n  r e l a t i o n  t o  t h e  r a t e  o f  b r i g h t n e s s  c h a n g e  and t h e  i n i t i a l  
l eve l  of  br ightness  of  a point  source.  A constant  ra te  of  one f l a s h  per 
second  and  an I1onlr time of 10 percent were employed. A s  previously sug- 
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g e s t e d ,  r e s u l t s  showed t h a t  t h e  s l o w e r  rates of change i n  fac t  produced lower 
thresholds .  
Clearly Connor 's  study i s  most d i r e c t l y  a p p l i c a b l e  t o  t h e  p r e s e n t  
experiment, yet even i n  t h a t  work the re  i s  very l i t t l e  suggest ion of t h e  
appropriate  range of parameters which should  be  sys temat ica l ly  inves t i -  
gated.  The r a t iona le  fo r  t hose  va lues  se l ec t ed  fo r  s tudy  has  been ,  t he re -  
fore ,  to  choose rates of br ightness  change  and  in i t ia l  levels o f  b r igh tness  
t h a t  f a l l  w i t h i n  a range that might conceivably be encountered i n  a real- 
i s t i c  o p e r a t i o n .  The l eve l s  fo r  t he  r ema in ing  two exper imenta l  var iab les  
( f l a s h  r a t e  and rronff time) have been somewhat a r b i t r a r i l y  s e l e c t e d  so as t o  
cover a range broad enough t o  enhance the chances of encompassing values 
t h a t  are o p t i m a l  f o r  d e t e c t i n g  i n c r e a s e s  i n  beacon brightness. 
EQUIPMENT 
The gene ra l  f ea tu re s  o f  t he  expe r imen ta l  f ac i l i t y  a re  shown i n  
Figure 1. The experimenter and the subject were separated by a p a r t i t i o n  
through which pro jec ted  a l i g h t  t i g h t  t u n n e l  j o i n i n g  t h e  p o i n t  l i g h t  s o u r c e  
and the  l ens .  The i n t e r i o r  o f  t h e  t u n n e l  was pa in ted  wi th  low ref lec tance  
( .l$) , a lmost  per fec t ly  d i f fus ing ,  b lack  pa in t  to  minimize  re f lec t ions .  
The sub jec t  was s e a t e d  i n  a n  a d j u s t a b l e  c h a i r  and was r eques t ed  to  
pos i t i on  h i s  head  aga ins t  a head rest during  each  experimental t r ial .  A 
b i t e  board was not  used in  the s tudy because the experimental  condi t ions 
were spec i f i ca l ly  in t ended  to  approx ima te  an  ope ra t iona l  s i t ua t ion  in  which 
the addi t ional  control  provided by a b i t e  board would not  be avai lable .  
The lens ,  through which the subject  viewed the  po in t  sou rce  l i gh t ,  
was inc luded  in  the  equipment  to  fur ther  enhance  the  realism of the sub- 
j e c t ' s  t a s k .  I n  e f f e c t  t h e  l e n s  p r o v i d e d  a v i r t u a l  image of  the  s imula ted  
beacon a t  n e a r  o p t i c a l  i n f i n i t y  b y  p r o d u c i n g  p a r a l l e l  l i g h t  r a y s  a t  t h e  s u b -  
j e c t ' s  eye. I n  t h i s  manner cues  of  convergence and  accommodation, no t  
p re sen t  i n  the  " r ea l  wor ld f l ,  were el iminated.  A schematic  diagram  of  the 
l e n s  and i t s  p r o p e r t i e s  i s  shown i n  F i g u r e  2, and a d e t a i l e d  d e s c r i p t i o n  
of i t s  u s e   i n  a similar app l i ca t ion  i s  presented i n  re ference  8. 
Experimental  control was concentrated on a s ing le  pane l  where, by 
means of  appropr ia te  swi tch  opera t ions ,  the  exper imenter  could  se lec t  the  
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Fig. 1 I ?!k?erimental Facility 
Point  
Source 
'\ 
Fig. 2 Lens Schematic 
f l a sh ,  rate, f l a s h  d u r a t i o n ,  and rate of  br ightness  change  for  each  trial. 
A schematic diagram of t h e  mechanism f o r  c o n t r o l l i n g  t h e  e x p e r i -  
mental  var iables  i s  p i c t u r e d  i n  F i g u r e  3.  A 75  w a t t  xenon arc lamp served 
as t h e  p o i n t  l i g h t  s o u r c e .  To improve s t a b i l i t y ,  t h e  power supply  normally 
provided with this  lamp was replaced by a highly regulated supply.  After 
passing through an infrared f i l t e r  and a c o l l i m a t i n g  l e n s ,  t h e  l i g h t  p a s s e d  
through a p a i r  o f  c i r c u l a r  n e u t r a l  v a r i a b l e  d e n s i t y  f i l t e rs .  S ince  the  
dens i ty  of  the  f i l ters  was p r o p o r t i o n a l  t o  t h e i r  a n g l e  of r o t a t i o n ,  t h e  
logar i thm of  the i r  t ransmiss ion  was a l so  propor t iona l  to  angular  pos i t ion .  
Each o f  t he  f i l ters  covered two l o g  u n i t s  i n  270 degrees .  
The f irst  f i l t e r  ( the   ba lance)   se rved  two functions;  because  of i t s  
r eve r sed  d i r ec t ion  i t  compensated f o r  t h e  i n t e n s i t y  g r a d i e n t  a c r o s s  t h e  w i d t h  
o f  t he  co l l ima ted  l i gh t  beam, t h a t  would be produced by a s i n g l e  f i l t e r ,  and 
i t  served as  a means o f  e s t ab l i sh ing  the  in i t i a l  l eve l  o f  beacon  b r igh tness  
r e q u i r e d  f o r  e a c h  t r i a l .  For  t h i s  l a t t e r  f u n c t i o n ,  t h e  a n g u l a r  p o s i t i o n  o f  
t h e  f i l t e r  was a l t e r e d ,  by tu rn ing  a knob g e a r e d  t o  t h e  f i l t e r .  A sca le  asso-  
c i a t ed  wi th  the  knob provided a d i r e c t  i n d i c a t i o n  o f  t h e  f i l t e r  pos i t i on .  
Rota t ion  o f  the second f i l t e r  ( t h e  wedge) accomplished the change i n  
s t imulus br ightness  which the subjects  a t tempted to  detect .  A servo  motor 
drove the wedge,and a ten- turn potent iometer  connected to  a d i g i t a l  v o l t -  
meter was used to monitor wedge p o s i t i o n .  S e l e c t i o n  o f  wedge r a t e  was con- 
t r o l l e d  b y  s w i t c h i n g  t o  c a l i b r a t e d  r e s i s t o r s  i n  t h e  s e r v o  s p e e d  c o n t r o l  
c i r c u i t .  
Af te r  pass ing  through the  wedge and  ba lance ,  t he  l i gh t  beam passed 
through Wrat ten  neut ra l  dens i ty  f i l t e rsand  en tered  a telescope and micro- 
scope  objec t ive  tha t  focused  the  l igh t  on  an  aper ture ,  0.007 of a n  i n c h  i n  
diameter,  which produced the  f ina l  po in t  o f  l i gh t  obse rved  by  the  sub jec t s .  
A s h u t t e r ,  mounted  on a rotary solenoid,  permit ted independent  control  of 
both the  f l a s h  rate and  the  f lash  dura t ion .  This  cont ro l  was accomplished 
by  means of a se t  of cams driven by a second  motor. The speed of motor ro- 
t a t ion  de te rmined  the  f l a sh  ra te  w h i l e  t h e  e x t e n t  o f  t h e  i n d e n t a t i o n s  i n  t h e  
cams determined f lash durat ion.  A se lec tor  swi tch  permi t ted  the  exper imenter  
t o  s e l e c t  t h e  o u t p u t  o f  t h e  cam r e q u i r e d  f o r  e a c h  t r i a l .  A s  w i t h  t h e  wedge 
dr ive,  cam motor speed could be se l ec t ed  by  swi t ch ing  to  the  appropr i a t e  
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c a l i b r a t e d  r e s i s t o r .  An add i t iona l  cam on the camshaft  prevented . the opera- 
t i o n  of t h e  s h u t t e r  b e f o r e  t h e  start of  a f l a sh  cyc le ,  r ega rd le s s  o f  t he  
rate o r  f l a s h  d u r a t i o n  s e l e c t e d .  
An a d a p t a t i o n  f i e l d ,  c o n s i s t i n g  of e igh t  equa l ly  spaced  po in t s  o f  l i gh t  
aga ins t  a black surround, was pos i t i oned  approx ima te ly  one  inch  in  f ron t  o f  
t he  ape r tu re  plate. The po in t s  were produced  by  back l i g h t i n g  e i g h t  p i n -  
holes  ( . 02  of an i n c h  i n  d i a m e t e r )  which formed a c i r c l e  cove r ing  approx i -  
mately two degrees of visual angle around the beacon. The br ightness  of  
t h e  a d a p t a t i o n  f i e l d  was control led from a regula ted  power supply. The 
i l luminance of the eight points ranged from the equivalent o f  + 3  t o  +1 
magnitude stars. 
Two func t ions  were served by the adaptat ion f ie ld .  Before the s tar t  
of each trial the  sub jec t ' s  r epor t  t ha t  he  cou ld  see t h e  c i r c l e  o f  l i g h t s  i n -  
d i c a t e d  t h a t  a minimum leve l  o f  da rk  adap ta t ion  had been maintained. Further- 
more, during a t r i a l  t h e  c i r c l e  s e r v e d  as a pos i t i ona l  r e fe rence  in t ended  to  
reduce  the  au tokine t ic  movement of  the  beacon,  par t icu lar ly  a t  low leve ls  of  
br ightness .  
Subjec ts  were provided with two push button switches.  Operation of 
t h e  f irst  s w i t c h  i n i t i a t e d  a t r i a l  by  ac t iva t ing  the  moto r s  t ha t  con t ro l l ed  
the  wedge and  the  shutter,   and, a t  t h e  same time, s t a r t i n g  a timer. Opera- 
t i o n  of the second button stopped the timer and the motors.  A t  t h e  end  of 
each t r ia l  the experimenter  recorded the durat ion of  the t r i a l  and the  
p o s i t i o n  t h a t  t h e  wedge had reached when the subject  pushed the frs topff  I 
button.  
I n  o r d e r  t o  e l i m i n a t e  t h e  sound o f  t he  shu t t e r  so l eno id  as a poten- 
t i a l  (bu t  undes i r ab le )  cue  to  shu t t e r  ope ra t ion ,  t he  sub jec t s  wore a head- 
set  through which they l is tened to  a cont inuous recording of  the solenoid 
o p e r a t i n g  a t  a var ie ty  of  f requencies .  The record ing  thus  masked t h e  sound 
made by  the  ac tua l  so lenoid  in  opera t ion .  
THE EXPERIMENT 
Experimental  Variables 
Table I l is ts  the  fou r  expe r imen ta l  va r i ab le s  s tud ied  in  the  expe r i -  
10 
I n i t i a l  I l l u m i n a n c e  
n i tude  
1 -7.2wrl +l. 4 
2 -7.0809 +1.0 
3 -6.8894 +o. 5 
4 -6.6289 -0.1 
5 -6.2882 -1.0 
TABU I 
EXPERIMENTAL VARIABLES 
Wed€ 
Mean Time I 
For One Log 
( sec.  ) Change( sec . ) 
S. D. 
~~ ~. ~ " 
1585 
5.5 170 
10.6 311 
32.6 590 
194.6 
85 2.2 
~ ~ ~ ~ 
Fiash Rate 
Mean Time 
Flashes S.D. ( sec .  ) f o r  
Me an 
. ~ ~-~ 
Level per sec.  ( s e c . )  2L f l a s h e s  
1 39.7 
2.80  0.6  8.6 5 
1.43 1.1 16.7 4 
1.04 1.4 23.0 3 
.76 2.0 31.3 2 
.60 2.7 
- ~ ~ 
___" . -  ~ . ~~ ~. . 
Rate 
Mean Rate 
Range Rate,, (Log u n i t s  
1 Simulated 
per  sec . )  ( f t . / s e c . ) ^  
.OW63 80 
.00170 210 
.00320 
1465 .01180 
735 .00590 
400 
Flash  Duration I 
I 
3t Since the simulated approach rate was not  cons tan t ,  these  va lues  have 
a m a x i m u m  e r r o r  o f  10.5%; an i n i t i a l  r a n g e  o f  30 n.mi. was assumed. 
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ment, as well as the  va lues  ass igned  to  each  leve l  of  each  var iab le .  S ince  
v a r i a t i o n  i n  two of  these  var iab les  was observed during cal ibrat ion opera-  
tions, performed both before and after each tes t  run ,  s tandard  devia t ions  
o f  t he  mean va lues  fo r  each  l eve l  are a lso  g iven  for  those  var iab les .  
Dai ly  ca l ibra t ion  of  the  xenon source  ind ica ted  cons iderable  var ia -  
t i o n  i n  i n t e n s i t y ,  p a r t i c u l a r l y  d u r i n g  t h e  e a r l y  l i f e  o f  t h e  lamp.  Conse- 
quently, compensating changes were made, before each t e s t  run, i n  t h e  den- 
s i t y  o f  t h e  W r a t t e n  f i l t e r s  t h a t  were employed t o  reduce the i l luminance 
of  the  lamp t o  t h e  d e s i r e d  l e v e l .  
The i l luminance  of  the  dimmest experimental beacon was measured 
with a te lescopic  photometer  that  was c a l i b r a t e d  a g a i n s t  a s p e c i a l  p o i n t  
source mask appl ied  to  a s t anda rd  ca l ib ra t ion  lamp. This  measurement was 
accomplished without the normal 2 . 9  l o g  u n i t  n e u t r a l  d e n s i t y  f i l t e r  i n  t h e  
opt ica l  pa th .  The measured  illuminance was then reduced by the value of 
t h e  f i l t e r ,  and the i l luminance for  each of  the other  four  levels  was c a l -  
cu la ted  f rom tha t  base  poin t ,  in  accordance  wi th  the  changes  in  f i l t e r  
d e n s i t y  t h a t  were es tab l i shed  wi th  the  ba lance  f i l t e r .  
For  the  purposes  of  the  exper imenta l  ana lys i s ,  the  leve ls  of  
i n i t i a l  i l l u m i n a n c e  were cons ide red  to  r ep resen t  beacons  o f  d i f f e ren t  i n -  
t e n s i t y ,  a l l  i n i t i a l l y  viewed  from a s imulated dis tance of  30 n.mi.  These 
i n i t i a l  l e v e l s  may a lso  be  cons idered  to  represent  a beacon of 1900 beam 
candle/power  seen a t  d i f f e r e n t  i n i t i a l  r a n g e s  o f  30, 2 5 ,  20, 15, and 10 
n.mi.  Because  of  the manner i n  which the  increase  in  beacon br ightness  
( represent ing  decreas ing  range)  was produced,  however,  range r a t e  does not 
r ema in  cons t an t  fo r  d i f f e ren t  assumed i n i t i a l  r a n g e s ,  even f o r  a g i v e n  r a t e  
of wedge rotat ion.  Examinat ion of  the method  used to  s imula t e  changes  in  
beacon range and range r a t e  will h e l p  t o  c l a r i f y  t h i s  p o i n t .  
AS p rev ious ly  ind ica t ed ,  t he  in i t i a l  l eve l s  o f  beacon  i l l uminance  
were se lec ted  by  manual ly  ro ta t ing  the  c i rcu lar  ba lance  f i l t e r  to  prede-  
termined angular  posi t ions.  Increases  in  beacon br ightness  were then pro- 
duced by moving the  wedge f i l t e r  through a maximum ro ta t ion  o f  one  log  un i t .  
According to  the  inve r se  squa re  law, t h e  r e s u l t i n g  t e n  f o l d  i n c r e a s e  i n  
beacon brightness would represent  a reduct ion  of t h e  i n i t i a l  s imulated 
range  from 30 n.mi. to approximately 9.5 n.mi.  Although  the two end po in t s  
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can i n   t h i s  way be  made to  co inc ide ,  the  logar i thmic  t ransmiss ion  func t ion  
of t h e  wedge only approximated the inverse square l a w .  A s  shown i n  F i g u r e  
4, simulated range ra te  first increased  and then decreased as compared with 
the inverse square curve.  Consequent ly ,  the range rates shown i n  Table I 
are o n l y  approximate. This condition is n o t  u n r e l a t e d  t o  t h e  lfrealff world, 
however, s ince  the  r ange  rate between two approaching spacecraft  i s  cont in-  
uously changing. 
From Figure  4 it  can be seen that ,  i f  a n  i n i t i a l  r a n g e  o f  30 n.mi. 
i s  assumed, v a r i a t i o n  i n  t h e  beacon  i l l uminance  mere ly  sh i f t s  t he -en t i r e  
cu rve  e i the r  up o r  down on an absolute scale of i l luminance. Furthermore,  
s ince  the  maximum number of degrees traversed by the wedge i s  constant ,  
changes i n  r a n g e  rate r e t a i n  t h e  same re l a t ionsh ip  th roughou t  t he  en t i r e  
extent  of  wedge t rave l ,  regard less  of  wedge rate. 
I n  c o n t r a s t ,  F i g u r e  5 shows t h a t   i f  a constant beacon i s  assumed, 
wh i l e  i n i t i a l  r ange  i s  var ied ,  range  ra te  differs  accord ing  to  the  simu- 
l a t ed  r ange .  Th i s  cond i t ion  r e su l t s  f rom  the   fac t   tha t   the   to ta l   s imula ted  
d is tance  for  each  of  the  separa te  curves  i s  covered  in  114 degrees of wedge 
ro t a t ion .   The re fo re ,   a t  any s e l e c t e d  wedge rate, the   average   range   ra te  
f o r  t h e  c u r v e  s t a r t i n g  a t  30 miles would be roughly three times the  range  
r a t e  f o r  t h e  c u r v e  s t a r t i n g  a t  10 miles .  
Experimental Design 
In the experiment  i t  was d e s i r e d  t o  examine a l l  p o s s i b l e  combina- 
t i o n s  o f  a l l  f i v e  l e v e l s  o f  e a c h  o f  t h e  f o u r  v a r i a b l e s  l i s t e d  i n  T a b l e  I. 
Four v a r i a b l e s ,  e a c h  a t  f i v e  l e v e l s ,  will produce 625 different  combinat ions 
of  experimental   treatments.  If each  combination  of  treatments were sub- 
jec ted  to  independent  tes t ,  a minimum of  625 subjects  would be required.  
Unless  the  h igher  order  in te rac t ions  were used as an estimate o f  e r ro r  
v a r i a n c e ,  t h i s  number  would have  to  be  increased  to  a  minimum of  125’0 sub- 
j e c t s  t o  o b t a i n  a n  estimate o f  e r r o r  v a r i a n c e  from independent replications.  
Because a des ign  tha t  would permi t  the  ex t rac t ion  of  a l l  i n t e r a c t i o n s  of so 
many va r i ab le s  would b e  p r o h i b i t i v e  i n  terms of  the number o f  sub jec t s ,  a 
design involving repeated measurements on the same s u b j e c t s  and t h e  s a c r i -  
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f i . ce  o f  t he  h ighe r  o rde r  i n t e rac t ions  w a s  ind ica ted .  
Repeated measurements, i n  t u r n ,  n e c e s s i t a t e d  a d e s i g n  i n  which e f f e c t s  
assoc ia ted  wi th  success ive  trials on  the  same subject  could be control led and 
e x t r a c t e d  i n  t h e  a n a l y s i s  o f  t h e  d a t a .  F i n a l l y ,  t h e  o r d e r  i n  which t h e  var- 
ious experimental  condi t ions were presented had to  be  coun te rba lanced  to  
minimize d i f f e r e n t i a l  e f f e c t s  a s s o c i a t e d  w i t h  t h e  p a s s a g e  o f  time. 
The des ign  se lec ted  for  the  exper iment  satisfies the requirements  
out l ined in  the previous paragraph and i s  h i g h l y  e f f i c i e n t  w i t h  r e g a r d  t o  
t h e  number of f i rs t  o rde r  i n t e rac t ions  tha t  can  be  eva lua ted .  
Essen t i a l ly ,  t he  scheme represents  the combinat ion of  a f a c t o r i a l  de- 
sign and a 25 x 25 Greco-Latin square. The 5 x 5 combinations of two of the 
exper imenta l  var iab les  form the  Lat in  component o f  t he  squa re  wh i l e  t he  5 x 5 
combinations of the other two variables form the Greek component o f  t he  
square. I n  t h e  625 ce l l s  of  the  square  appear  a l l  possible combinations of 
the four  experimental  var iables .  Each of  the 25 rows of  the  square  was 
a s s igned  to  a d i f fe ren t  exper imenta l  subjec t  who, t he re fo re ,  was exposed 
t o  25 trials rep resen t ing  the  columns of  the square.  A s  a r e s u l t  o f  t h e  
arrangement  of  the cel ls  within the square,  each subject  was exposed t o  a l l  
l e v e l s  o f  a l l  va r i ab le s ,  and the paired combinations of all var iab les ,  an  
equal number of times, I n  t o t a l ,  t h e  25  sub jec t s  were exposed t o  a l l  com- 
b ina t ions  o f  t he  va r i ab le s  a t  a l l  levels. Furthermore,   the  order  of  appear- 
ance of  each level  of  each var iable  and each combination of variables w a s  
completely counterbalanced within the total  design.  
An example ind ica t ing  the  expe r imen ta l  t r ea tmen t s  t o  which one sub- 
j e c t  might be exposed i s  shown i n  T a b l e  11. 
Procedures 
Subjects .were selected from a loca l  Jun io r  Co l l ege  acco rd ing  to  the  
fo l lowtng  spec i f ica t ions :  
1. Male 
2. Age between 18 - 35 
3. Uncorrected near and fa r  v i s u a l  a c u i t y  a t  least  
20/20 (as  measured  with an Ortho-Rater).   Far 
v i s i o n  e q u a l  t o ,  o r  b e t t e r  t h a n  n e a r  v i s i o n .  
Each subject  appeared a t  a designated time f o r  two experimental  ses- 
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TABU I1 
EXAMF'jX OF TRIAL SEQUENCE 
Subject  - T r i a l  
1 2 - - - 3 . .  . . 2 5  -
A ,  F D, J C ,  F B, G 
1 1, 6 2, 8 4, 10 5, 8 
A - E = f i v e  l e v e l s  o f  i n i t i a l  i l l u m i n a n c e  
F - J = f i v e  l e v e l s  o f  wedge r a t e  
1 - 5 = f i v e  l e v e l s  o f  f l a s h  r a t e  
6 -10 = f i v e  l e v e l s  o f  f l a sh  du ra t ion  
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sions during a s i n g l e  week; t h e  i n t e r v a l  between sessions varied,  there- 
fore, between one and three days. The du ra t ion  of  a session averaged about 
two hours. Subjects were seated i n  a chair ,  the  height  of  which was ad jus t ed  
t o  p o s i t i o n  t h e i r  l i n e  o f  s i g h t  on t h e  c e n t e r  of t he  l ens  th rough  which they 
observed the beacon. 
A t  the  start of both sessions,  a s tandard set of  ins t ruc t ions  en-  
couraged the subjects  to  view a series of  beacon f lashes ,  ra ther  than base 
t h e i r  judgments on any one particular f lash,  as a means of improving the 
consis tency of  their  judgments  of  increased br ightness .  Subjects  were also 
reques ted  to  be  absolu te ly  sure tha t  the  br ightness  of  the  beacon had i n -  
creased before terminating a trial. The comple te  ins t ruc t ions  for  bo th  days  
a r e   i n c l u d e d   i n  Appendix A. 
When t h e  i n s t r u c t i o n s  were f inished,  subjects  began a ten minute 
period of dark adaptation. During this period they were requested to re- 
po r t  as soon as they  cou ld  d i s t ingu i sh  the  r ing  o f  adap ta t ion  l i gh t s .  The 
same repor t  was a lso  requi red  a t  the end  of  each  individual t r i a l .  Subse- 
quent trials w e r e  n o t  s t a r t e d  u n t i l  t h i s  r e p o r t  had  been made.  The i n t e r -  
val between trials was approximately 20 seconds i n  l e n g t h .  
A l l  tr ials i n  t h e  f i r s t  se s s ion  were intended to provide an oppor- 
t un i ty  fo r  deve lop ing  a c o n s i s t e n t  c r i t e r i o n  f o r  j u d g i n g  b r i g h t n e s s  i n -  
creases.  Three  exposures  to  each of  t h e  f i v e  l e v e l s  of a l l  f o u r  v a r i a b l e s  
( in  var ious  combina t ions)  cons t i tu ted  the  main group o f  15 p r a c t i c e  t r ia ls .  
I n  a d d i t i o n ,  two trials were included i n  which a s t eady ,  r a the r  t han  a 
flashing beacon was employed. The f i n a l  p r a c t i c e  trials cons is ted  of  two 
se t s  o f  t h ree  trials each, i n  which the experimental  variables were held 
cons tan t  wi th in  the  three  t r ia l  set. By examining  the  scores  achieved 
wi th in  the  two se ts ,  the  exper imenter  could  obta in  a rough notion of the 
consis tency  of   the  subject ' s   judgments .   Par t icular ly ,  when i n  the   exper i -  
menter's judgment, responses were h igh ly  incons i s t en t ,  a f i n a l  t r i a l  was 
administered  with no b r igh tness  inc rease .  The r ead iness  o f  t he  sub jec t  t o  
respond under that condition was taken as an addi t ional  index of  consis tency.  
When, i n  the  op in ion  o f  t he  expe r imen te r ,  t he  sub jec t ' s  r e sponses  were too 
variable,  he was appr i sed  o f  t ha t  f ac t  and reques ted  to  concent ra te  on t h e  
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development of a more r e l i a b l e   c r i t e r i o n .  
The second session a l so  s t a r t e d  w i t h  a s h o r t  p r a c t i c e  s e s s i o n  d u r i n g  
which sub jec t s  were exposed once t o  e a c h  l e v e l  o f  e a c h  v a r i a b l e  i n  s e l e c t e d  
combinations. Those trials were followed by two a d d i t i o n a l  trials i n  which 
the beacon was s t eady  in s t ead  o f  f l a sh ing .  The combinations of wedge rate 
and i n i t i a l  b e a c o n  b r i g h t n e s s  were randomly assigned t o  t h e  s u b j e c t s  i n  s u c h  
a yay t h a t  all possible  combinat ions of  these two var iab les  appeared  twice  
with the steady beacon. 
When t h e  p r a c t i c e  p e r i o d  was completed, each subject made 25 judgr 
ments under conditions presented i n  sequences prescribed by the experimen- 
t a l  design. It was on these judgments that the  pr inc ipa l  exper imenta l  
a n a l y s i s  w a s  based. 
The f i n a l  two trials of t he  second session involved a r e p e t i t i o n  o f  
t h e  two e a r l i e r  t r ials with a steady beacon. Data from t h e s e  tr ials were 
used as a f i n a l  measure of subject consistency. They a l so  permi t ted  a pre- 
l imina ry  check  o f  t he  r e l a t ive  e f f ec t  of f l a s h i n g  and steady beacons on t h e  
a b i l i t y  t o  d i s c r i m i n a t e  b r i g h t n e s s  i n c r e a s e s .  
Resul ts  
The primary experimental data cons i s t  o f  s co res  r e f l ec t ing  the  
amount of time requ i r ed  fo r  t he  sub jec t s  t o  d i sc r imina te  an  inc rease  in  
beacon br ightness  under  the var ious experimental  condi t ions.  Ei ther  in  
t h e i r  o r i g i n a l  form, or i n  a transformation of it, t h e s e  d a t a  were exam- 
ined  f rom th ree  d i f f e ren t  a spec t s ,  r e su l t i ng  in  th ree  gene ra l  ana lyses .  
The f irst  analysis  concerned the effect ,  upon d iscr imina t ion  t ime 
for   b r igh tness   increases ,   o f   the   four   exper imenta l   var iab les :  (1) i n i t i a l  
beacon brightness,  ( 2 )  r a t e  of br ightness  increase ,  (3) beacon  f l a sh  r a t e ,  
and (4) f l a sh  durat ion (expressed as a percentage of "on1' t ime per  f lash) .  
T h i s  a n a l y s i s  may be  charac te r ized  as r e l a t i v e  i n  nature. ,  since the emphasis 
was on t h e  i d e n t i f i c a t i o n  o f  t h o s e  v a r i a b l e s  which s i g n i f i c a n t l y  a f f e c t e d  
r e su l t s ,  w i thou t  r ega rd  fo r  t he  ac tua l  b r igh tness  th re sho lds .  
In  con t r a s t ,  t he  r ema in ing  two major  analyses  'were specif ical ly  con- 
cerned with the determinat ion of  thresholds  for  the discr iminat ion of  br ight-  
- ness increases.  For t h i s  pu rpose ,  t he  time scores  were t ransformed into cor-  
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responding increments i n  beacon brightness, and the increments were t r e a t e d  
as d i f f e r e n t i a l  t h r e s h o l d s .  I n  t h e  f i n a l  a n a l y s i s  o f  t h e s e  d a t a ,  t h e  l o g a -  
rithms o f  t h e  d i f f e r e n t i a l  t h r e s h o l d s  were p l o t t e d  as a func t ion  o f  t he  
l o g a r i t h m  o f  t h e  i n i t i a l  b r i g h t n e s s  l e v e l .  
Discrimination  of  brig_htness. - .  i n c r e a s e s  ~ + t h  a- f l a s h i x  . . ". "" beacon. - - The 
experiment was designed to  permit  an analysis  of  var iance that  would i d e n t i f y  
s i g n i f i c a n t  main exper imenta l  e f fec ts  and c e r t a i n  first o r d e r  i n t e r a c t i o n s .  
I n  a c t u a l i t y  t h e r e  were only 32 degrees of freedom available for evaluating 
any two  of t h e  s i x  p o s s i b l e  first o r d e r  i n t e r a c t i o n s  i n  a s ing le  ana lys i s ,  
bu t  an  ind ica t ion  of  the  poten t ia l  impor tance  of  the  remain ing  in te rac t ions  
was obtained  by, i n  e f f ec t ,  pe r fo rming  two addi t iona l  ana lyses .  In  each  of  
these  analyses ,  two more i n t e r a c t i o n s  were  examined.  Because  of t h e i r  ex- 
pected importance,  the pr incipal  analysis  was performed i n  such a way t h a t  
the  in te rac t ions  be tween ra te  of  br ightness  increase  and f l a s h  d u r a t i o n  and 
f l a s h  r a t e  were evaluated first.  The ana lys i s  o f  va r i ance  fo r  t he  main ef-  
f e c t s  and t h e  two s p e c i f i e d  i n t e r a c t i o n s  i s  shown i n  Table 111. Actually,  
f i f teen separate  analyses  could have been performed,  tes t ing a d i f f e r e n t  
p a i r  o f  t h e  s i x  f i rs t  l e v e l  i n t e r a c t i o n s  w i t h  a d i f f e r e n t  r e s i d u a l  ( e r r o r )  
var iance  in  each  case .  However, t h e s e  d i f f e r e n c e s  i n  r e s i d u a l  v a r i a n c e  were 
n e g l i g i b l e  w i t h  r e s p e c t  t o  t h e  t e s t s  o f  t h e  main e f f e c t s .  
Examination of Table I11 c l e a r l y  i n d i c a t e s  t h e  v a r i a b l e s  t h a t  s i g -  
n i f ican t ly  inf luenced  the  d iscr imina t ion  t ime for  increases  in  beacon 'br ight -  
ness. The cons is ten t  re la t ionships  be tween d iscr imina t ion  t ime and  both 
i n i t i a l  beacon brightness and r a t e  o f  b r igh tness  inc rease  i s  obvious  in  
Table I V .  This  Table  a lso includes mean t h r e s h o l d s ,  i n  two d i f f e r e n t  u n i t s ,  
f o r  t h e  d i s c r i m i n a t i o n  of b r igh tness  inc rease  as a func t ion  of  ra te  of  
b r igh tness  change. The  most i n t e r e s t i n g  r e s u l t  e x h i b i t e d  i n  T a b l e  I V  i s  t h e  
cons i s t en t  r e l a t ionsh ip  be tween  r a t e  o f  i nc rease  and t h e  t h r e s h o l d s  f o r  d i s -  
crimination of changes in  br ightness .  Al though subjec ts  requi red  more t ime to  
discr iminate  br ightness  changes when the rate  of  change was s low,  the actual  
i n c r e a s e  i n  b r i g h t n e s s  was lower for those slower rates. The t h r e s h o l d s  i n  
Table I V  a re  averaged  over  the  f ive  in i t ia l  l eve ls  of  i l luminance .  
Evaluation of the remaining four first o r d e r  i n t e r a c t i o n s  i n d i c a t e d  
. a s i g n i f i c a n t  r e l a t i o n s h i p  ( p .  < .Os) between f l a s h  r a t e  and i n i t i a l  
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TABLE I11 
ANALYSIS OF VARIANCE OF TIME To 
DISCRIMINATE BRIGHTNESS INCREASES 
(Flashing Beacon) 
I n i t i a l  B r i g h t n e s s  
Rate of Brightness  Increase 
Beacon Flash Rate 
Flash Duration 
Subjects  
Trials 
Rate of  Brightness  Increase 
x Flash  Rate 
Rate o f  Brightness  Increase 
x Flash Duration 
Residual  (Error)  
Total  
df. 
4 
4 
4 
I; 
24 
24 
16 
16 
528 
624 
ss 
~ 
154,172.7 
2,064,428.8 
79,363.9 
34, 405. 9 
3,590,544.5 
188,500.6 
225,138.1 
126,714.7 
6,451,209.0 
1 2  , 914,478.2 
MS 
38,543.2 
516, 107.2 
19,841.0 
8,601.5 
149,606.0 
7,854.1 
14,071.1 
7,919.7 
12,218.2 
F 
TABIE IV 
I n i t i a l  
Illuminance 
( l o g  f t - c )  
-7.2U-d 
-7.0809 
-6.8894 
-6.6289 
-6.2882 
EFFECTS OF INITIAL BRIGHTNESS AND 
UTE OF INCREASE 
Mean Discr i -  
uni ts /sec.  ) Time ( sec . ) crease ( l o g  
mination 
Rate of In -  
129.8 .00063 
127.6  .00170 
108.1 .00320 
102.1 
.01180 88.3 
.00590 
. . . - - - . - . . . - 
Mean Disc r i -  Mean D i f f e r e n t i a l  
mination 
Time ( sec.  ) 
206.9 ,130 
139.9  ,238 
95.7  .306 
69.8 .412 
43.6 .514 
+ 
Since the s imulated approach rate  was not  cons tan t ,  these  
values have a m a x i m u m  e r r o r  o f  10.5%; a n  i n i t i a l  r a n g e  o f  
30 n.mi. was assumed. 
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br ightness  level. E x a m i n a t i o n  o f  t h i s  i n t e r a c t i o n  r e v e a l e d  t h a t  it may, 
f o r   t h e  most p a r t ,  r e f l e c t  t h e  d i f f e r e n c e  between results ob ta ined  wi th  the  
br ightest  beacon as compared wi th  the  o the r  fou r  levels of  beacon br ightness .  
A s  Table V shows, d i scr imina i ion  time f o r  t h e  b r i g h t e s t  b e a c o n  w a s  relatively 
independent  of  f lash rate whi l e ,  fo r  t he  o the r  levels of beacon brightness,  
t h e  r e l a t i o n s h i p  w i t h  f l a s h  rate v a r i e d  i n  an unpredic tab le  manner. However, 
even th i s  ob ta ined  s ign i f i cance  cou ld  be due t o  an expected random effect 
f r d m  t h e  f i v e  p o s s i b l e  tests o f  t h i s  i n t e rac t ion ,  each  us ing  a s l i g h t l y  d i f -  
f e r e n t  estimate f o r  r e s i d u a l  ( e r r o r )  v a r i a n c e .  
Detec t ion  of  br ightness  increases  wi th  a steady beacon. - The ex- 
perimental  design provided two trials, preceding the main experiment, i n  
which each sub jec t  was exposed t o  a s teady (non-f lashing)  beacon in  associa-  
t i o n  w i t h  randomly s e l e c t e d  i n i t i a l  i l l u m i n a n c e  a n d  wedge rates .  These 
trials were repeated by each subject, under the same experimental  condi t ions,  
a t  the  conclusion  of  the  experiment.  The combina t ions  of  in i t ia l  i l luminance  
and wedge r a t e s  were a s s igned  in  such  a way tha t  each  o f  t he  poss ib l e  25 corn- 
b ina t ions  of t h e  two var iab les  appeared  in  both  of  the  pre-  and post-experi-  
mental trials involving the steady beacon. 
A separa te  ana lys i s  of  var iance  was performed on the discrimination 
t imes  for  the  pre-  and post-adminis t ra t ion of  each of  the two " s t e a d y "  t r i a l s .  
The a n a l y s i s  f o r  t h e  f i rs t  t r ia l  i s  presented  in  Table  V I  and t h e  a n a l y s i s  f o r  
t h e  second trial appea r s  i n  Tab le  V I I .  Lacking  rep l ica t ion ,  t h e  t h r e e  f a c t o r  
i n t e r a c t i o n  w a s  used  as  an  e r ror  term i n  b o t h  a n a l y s e s .  
Examination of Tables V I  and V I 1  r e v e a l s  t h a t  t h e  same ma jo r  e f f ec t s  
were s i g n i f i c a n t  f o r  e a c h  o f  t h e  two I1steady1l t r i a l s .   Fu r the rmore ,   t hese  
same e f f e c t s  were a l s o  s i g n i f i c a n t  f o r  the  f lash ing  beacon (Table  111). I n  
f ac t ,  a s  Tab le  VI11 shows, mean d iscr imina t ion  time, as a func t ion  o f  r a t e  o f  
br ightness  increase ,  was, wi th  the  except ion  of  the  s lowes t  rate,  almost iden- 
t i c a l  f o r  b o t h  t h e  s t e a d y  and f lash ing  beacons .  In  Table  V I I I ,  t h e  d i scr imi-  
na t ion  times r e p r e s e n t  t h e  means of  the  pre-  and  pos t -adminis t ra t ions  for  
both trials. A s  a l s o  shown i n  Table V I I I ,  t h e  e f f e c t  o f  i n i t i a l  l e v e l  o f  
i l luminance was much less cons is ten t  for  the  s teady  beacon,  bu t  these  means 
were based upon less than one-sixth as many tr ials as were a v a i l a b l e  f o r  
the  f lash ing  beacon.  
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TABLE V 
D I S C R I M I N A T I O N  TIME FOR  COMBINATIONS OF 
FLASH RATE AND INI'I?AL BEACON  BRIGHTNESS 
I n i t i a l  
I l luminance Flashes Per Second 
( l o g  f t - c )  2.80 1.43 1. 04 .76 .60 
-7 0 2441 
76.1  90.7  94.3 96.3 83.9 -6.2882 
160.7  94.6 65.. 8 74.3 115.1 -6.6289 
99.3 127.9 134. 4 73.0 106.2 -6.8894 
123.0 111.9 120.7 116.3 165.8 -7.0809 
130.4 192.3 123.0  95.5 107.9 
~~ . ~ . ~~. . "_ . - . ~ 
I 
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TABLE: VI 
ANALYSIS OF VARIANCE OF TIMF, TO 
DISCRIMINATE  BRIGHTNESS  INCREASES 
( ffSteady" Trial 1) 
" - ~- 
Source of Var i a t ion  
I n i t i a l   B r i g h t n e s s  
Rate o f  Br ightness  Increase  
Pre-Post Administration 
I n i t i a l   B r i g h t n e s s  x Rate  o f  
Inc rease  
Rate of  Inc rease  x Pre-Post 
Adminis t ra t ion 
I n i t i a l   B r i g h t n e s s  x Pre- 
Post  Adminis t ra t ion 
I n i t i a l  B r i g h t n e s s  x Rate o f  In -  
c rease  x Pre-Post Administration 
- 
df - 
4 
4 
1 
16 
4 
4 
16 
49 
=_ 
ss 
55,460.80 
277,960.22 
3,487.80 
4l2,062.48 
36,078.63 
11,017.79 
43,921.90 
MS 
13,865.20 
69,490.05 
3, 487.80 
25,753.90 
9,019.66 
2,754.45 
2,745.12 
F 
5. O F -  
25. 31%+ 
1.27 
9.38'":' 
3.28':' 
1.00 
%- 
P < *os 
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TABU VI1 
ANALYSIS OF VARIANCE OF TIME TO 
( ltSteadyr1 Trial 2) 
: DTSCRIMINATE BRIGHTNESS INCREISES 
Source o f  Var ia t ion  
I n i t i a l  B r i g h t n e s s  
Rate o f  Br ightness  Increase  
Pre-Post Administration 
I n i t i a l   B r i g h t n e s s  x Rate  of  
Inc rease  
3ate  o f  Inc rease  x Pre-Post 
Adminis t ra t ion 
[ n i t i a l  B r i g h t n e s s  x Pre-Post 
Adminis t ra t ion 
l n i t i a l   B r i g h t n e s s  x Rate o f  In-  
:rease x Pre-Post Administration 
Tota l  
- 
df - 
4 
1 
1 
16 
4 
4 
16  
49 - 
SS 
330,228.62 
455,899.38 
13,389.08 
-, 483,863.34 
23,137.14 
3,754.32 
34,642.90 
" - 
Ms 
82,557.15 
113,974.85 
13,389.08 
92,741.46 
5,784.29 
938.58 
2,165.18 
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TABLE VI11 
TIME To DISCRIMINATE  BRIGHTNESS  INCREASES 
WITH STEADY AND FLASHING BEACONS 
~. "." ~~ ~~ 
Wedge Rate ( l o g  Beacon I n i t i a l  Beacon 
~~ 
units /sec.  ) ' Flashing Steady Illuminance ' Flashing -Steady 
Sec. Sec. - Sec. ( l o g  f t - c . )  Sec. 
~ "" ~ ~ . . .~ . . 
.00063 
102.1  72.7 -6.6289 69.8 64.7 .00590 
108.1 94.1 -6.8854 95.7 95.3 .00320 
127.6 94.0 -7.0809 139.9 143.1 .00170 
129.8 229.5 -7.2441 206.9 271.1 
1 .01180 1 3 8 . L ~ l  43.6 1 -6.2882 121.9 88.3 -___" . ~ ~~~ 
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The s i g n i f i c a n t  p r e - p o s t  a d m i n i s t r a t i o n  e f f e c t  e v i d e n t  i n  T a b l e  VI1 
r e s u l t e d  f r o m  t h e  f a c t  t h a t  s u b j e c t s  were responding more r a p i d l y  i n  t h e  
post-experimental   version  of trial two. Although not  s ignif icant ,  the same 
t r end  w a s  a l so  a p p a r e n t  i n  t h e  first "steady" trial. No obvious trend of 
any s o r t  a p p e a r e d  i n  t h e  trials involving the f lashing beacon.  
The s i g n i f i c a n t  i n t e r a c t i o n  between i n i t i a l  b r i g h t n e s s  and rate of 
increase,  (Tables V I  and VII) must be interpreted with extreme caut ion.  
S ince  there  w a s  no r ep l i ca t ion  o f  t he  r e l evan t  measu remen t s ,  t h i s  e f f ec t  i s  
confounded wi th  sub jec t s ,  and s u b j e c t  d i f f e r e n c e s  may, i n  f a c t ,  b e  r e s p o n s i -  
b l e  f o r  t h e  s i g n i f i c a n t  e f f e c t .  
Thresholds as a f u n c t i o n   o f   i n i t i a l  ~ . . . i luminance. - . .- . " - - - - - Figure 6 shows 
t h e  d i f f e r e n t i a l  t h r e s h o l d s  f o r  b r i g h t n e s s  i n c r e a s e ,  p l o t t e d  as a funct ion 
of in i t ia l  i l luminance ,  for  each  ra te  of  increase .  Wi th in  t h e  range of 
beacon illuminance examined in  the  expe r imen t ,  t he  d i f f e ren t i a l  t h re sho lds  
exh ib i t ed  a downward t rend as t h e  i n i t i a l  i l l u m i n a n c e  was increased.  The 
e f f ec t  o f  r a t e  o f  b r igh tness  inc rease  i s  even  more  obvious.  Systematic  in- 
c r e a s e s  i n  t h r e s h o l d s  were c l e a r l y  a s s o c i a t e d  w i t h  a n  i n c r e a s e  i n  r a t e  of 
br ightness  change,  for  each ini t ia l  beacon i l luminance.  
Discussion 
The experimental data have impl ica t ions  regard ing  both  the  des ign  
of spacecraft  beacons and the  genera l i ty  of  prev ious ly  de te rmined  thresholds  
for the discrimination of brightness increases.  Each of these two areas  of  
a p p l i c a b i l i t y  will b e  c o n s i d e r e d  i n  r e l a t i o n  t o  t h e  r e s u l t s  o f  o t h e F r e l e -  
vant experiments. 
C h a r a c t e r i s t i c s  of sDacecraft beacons. - An ear l ie r  examinat ion  of  
p e r t i n e n t   r e p o r t s   ( r e f s .  2, 3, 4) s u g g e s t e d   t h a t   f l a s h   r a t e  and f l a s h  
dura t ion  were  re la t ive ly  unimpor tan t  wi th  regard  to  the  in i t ia l  de tec t ion  
of flashing beacons.  Over the  r anges  s tud ied ,  t he  r e su l t s  of the  present  
s t u d y  i n d i c a t e  t h a t  t h e s e  same var iab les  a re  a l so  unimpor tan t  for  the  d i s -  
c r imina t ion  of  increases  in  the  br ightness  of  f lash ing  beacons .  Nei ther  
v a r i a b l e  s i g n i f i c a n t l y  a f f e c t e d  d i s c r i m i n a t i o n  t i m e  i n  t h e  main experiment, 
and the complete absence of these two v a r i a b l e s  d i d  n o t  a p p e a r  g r e a t l y  t o  
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Fig. 6 Log ( A E D )  as a Function of Log (E) for all Wedge 
Rates 
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i n f luence  tha t  same measure during the trials w i t h  t h e  llsteadyll beacon. In- 
c luding  these  l a t t e r  trials, t h e  f l a s h  rates invest igated c 'overed a range 
from 0.0 ( I1steadyfl beacon) t o  2.8 f lashes  per  second.  
I n  c o n t r a s t ,  t h e  e f f e c t  o f  i n i t i a l  b e a c o n  i l l u m i n a n c e  was a s i g n i f i -  
can t  f ac to r ,  and t h e  rate of brightness change was i tself  of major impor- 
tance, showing a c o n s i s t e n t  i n v e r s e  r e l a t i o n s h i p  w i t h  d i s c r i m i n a t i o n  time 
ahj a pos i t i ve  r e l a t ionsh ip  wi th  d i sc r imina t ion  th re sho lds .  
I n  t h i s  r e spec t  t he  r e su l t s '  a r e  i n  exac t  ag reemen t  wi th  those  p re -  
viously  reported  by  Connors (ref. 7 ) ,  who c o n c e n t r a t e d ,   i n   h e r   i n v e s t i -  
gat ion,  on higher  ra tes  of  br ightness  change extending to  approximately 200 
t imes the lower limit of the  present experiment.  Thus, t h e  same type of  re-  
la t ionship between rate of brightness change and discrimination thresholds 
has been found to hold over a range of rates o f  b r igh tness  inc rease  o f  some 
200 t o  one. 
S i n c e  t h e  rate of brightness change i s  not  a c h a r a c t e r i s t i c  o f  t h e  
beacon i tself ,  informat ion  concern ing  tha t  var iab le  i s  of greater importance 
to guidance and control engineers than i t  i s  t o  beacon designers.  A posi-  
t ive contr ibut ion to  beacon design does,  however ,  come f rom the  s ign i f i can t  
r e l a t i o n  between  beacon  illuminance and d i sc r imina t ion  time. Here the  imp l i -  
ca t ion  i s  s t ra ight forward .  To reduce  the time requ i r ed  to  d i sc r imina te  
br ightness  increases ,  provide a beacon with as high an i l luminance as is 
cons i s t en t  wi th  o ther  des ign  cons t ra in ts .  In  the  present  exper iment ,  a 
near ly  n inefo ld  increase  in  in i t ia l  beacon i l luminance  produced  a 32% re- 
d u c t i o n  i n  t h e  mean t ime  r equ i r ed  to  , d i sc r imina te  an  inc rease  in  b r igh tness .  
A t  t he  conc lus ion  o f  t he  p rac t i ce  trials s u b j e c t s  were asked t o  
d e s c r i b e  t h e  c r i t e r i a  t h a t  t h e y  had developed for making consis tent  judg-  
ments  of  increased  brightness.  Examination  of t h e i r  s ta tements  provides  
some f n t e r e s t i n g  examples of the types of cues relied upon by the  sub jec t s .  
I n  a l l ,  n i n e  d i f f e r e n t  t e c h n i q u e s  were descr ibed.  They are l i s t e d  i n  T a b l e  
I X .  Only t h e  f i r s t  two c r i t e r i a  were used  f requent ly .  The remaining  tech& 
niques'were each mentioned by only one o r  two subjec ts .  
I n  Table IX t he  sub jec t s '  p re fe rence  f o r  r e l a t i v e  judgments is ob- 
vious, although t h i s  preference was c e r t a i n l y  e x p r e s s e d  i n  a v a r i e t y  of ways. 
Assuming a star background, however, i t  can  be  reasonably  s ta ted  tha t  most 
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1. 
2. 
3 .  
4. 
5 .  
6. 
7.  
8. 
9 .  
TABLE IX 
CRITERIA FOR JUDGING BRIGHTNESS INCREASE 
C R I T E R I A  
Increase  in  br ightness  of  beacon relative t o  b r i g h t n e s s  o f  d o t s  
i n  a d a p t a t i o n  f i e l d .  
I n c r e a s e  i n  t h e  l e n g t h  of Ilraysll emitted by the beacon. 
I n c r e a s e  i n  t h e  llsixell o f  b e a c o n  r e l a t i v e  t o  s i z e  o f  d o t s  i n  
t h e  a d a p t a t i o n  f i e l d .  
I n c r e a s e  i n  t h e  b r i g h t n e s s  o f  b e a c o n  r e l a t i v e  t o  i n i t i a l  l e v e l  
of   b r igh tness .  
I n c r e a s e  i n  t h e  number of IlrayslI emitted by the beacon. 
Inc rease  in  the  l l s i ze l l  o f  beacon r e l a t i v e  t o  s i z e  o f  t h e  e n t i r e  
r i n g  o f  d o t s  i n  t h e  a d a p t a t i o n  f i e l d .  
Changes i n  the  l lshapel l  of  the beacon from circular  to  i r regular .  
Inc rease  in  beacon  g l a re  as obse rved  in  a l t e rna t ing  fovea l  and 
peripheral  views. 
Change i n  apparent color of the beacon from reddish-orange t o  
white. 
* 
35 The apparent  IIraysl1 viewed by the subjects presumably are a 
consequence of r e t i n a l  i r r a d i a t i o n ,  d i f f r a c t i o n  and s c a t t e r i n g  
w i t h i n  t h e  o c u l a r  media, o r  d i f f r a c t i o n  and s c a t t e r i n g  d u e  t o  
the  equipment  charac te r i s t ics .  
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of the  cues used by these subjects  would be a v a i l a b l e   i n  an actual  rendez-  
vous. 
S ince  observers  are d i l i g e n t  i n  t h e i r  e f f o r t s  t o  f i n d  s t a n d a r d s  f o r  
r e l a t i v e  judgments, a comparison o f  t h e  e f f e c t i v e n e s s  o f  t h e  v a r i o u s  s t a n d -  
a rds  employed, and t h e  deve lopment  of  techniques  for  augment ing  the i r  u t i l i ty  
should  prove  to  be  prof i tab le .  
Thresholds  for  discr iminat ion of  br ightness  increases .  - The d a t a  
d i s p l a y e d  i n  T a b l e  I V  and Figure 6 c l e a r l y  i n d i c a t e d  tha t  th resholds  ob- 
t a i n e d  i n  t h e  p r e s e n t  s t u d y  were of  a magnitude far g rea t e r  t han  those  
t y p i c a l l y  e n c o u n t e r e d  i n  t h e  l i t e r a t u r e  on br ightness  d iscr imina t ion .  
Geldard ( r e f .  5) r e p o r t s  d i f f e r e n t i a l .  t h r e s h o l d s  t h a t  r u n  from 
approximately -2.0 t o  0.0 l o g  u n i t s ,  a range within which only the thresholds  
f o r  t h e  l o w e r  rates f a l l  i n  F i g u r e  6; and even those thresholds are not  far  
from the upper limit o f  0.0. 
F o r  t h e  r a t e  o f  b r ightness  increase  and i n i t i a l  b r i g h t n e s s  l e v e l  most 
closely resembling those used i n  t h e  p r e s e n t  s t u d y ,  Connors ( ref .  7 )  found a 
median d i f f e r e n t i a l  t h r e s h o l d  o f  .279 l o g  u n i t s  compared wi th  the  .451 ob- 
t a i n e d  i n  t h i s  e x p e r i m e n t .  
F ina l ly ,  D r e w  ( r e f .  6) has described an experiment i n  which obtained 
thresholds  increased with s lower rates of  br ightness  change rather  than the 
reverse  re lat ionship reported by Connors  and confirmed in  the present  experi-  
ment. F o r  t h i s  d i f f e r e n c e  i n  r e s u l t s  t h e r e  a p p e a r s  t o  b e  no ready  explana- 
t i on ,  pa r t i cu la r ly  s ince  the  f l s t eadyf l  t r i a l s  i n  t h i s  experiment  approximated 
the condi t ions under  which Drew obta ined  h is  da ta .  Perhaps  the  explana t ion  
l i e s  i n  t h e  f a c t  t h a t  Drew used a f i e ld  sub tend ing  f ive  deg rees  of v i s u a l  
angle ,  ra ther  than  a point  source.  
There are several  possible  reasons that  can be enumerated to  account  
fo r  t he  e l eva ted  th re sho lds .  
1. Geldard ( re f .  5 )  p r e s e n t s  r e s u l t s  which show t h a t  d i f f e r e n t i a l  
th resholds  are cons ide rab ly  g rea t e r  fo r  small f i e l d s  t h a n  f o r  l a r g e  f i e l d s .  
2. The low thresholds described by Geldard were obtained from si- 
multaneous  comparison  of two a d j a c e n t  f i e l d s .  Even  though some of the sub- 
j e c t s  i n  t h e  p r e s e n t  e x p e r i m e n t  a t t e m p t e d  t o  make a similar type of judgment, 
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b y  u s i n g  t h e  d o t s  i n  t h e  a d a p t a t i o n  f i e l d  as a s tandard,  this  arrangement  
was by no means opt imal .  Furthermore,  cer ta in  subjects  compared t h e i r  
ini t ia l  impression of  beacon br ightness  with subsequent  impressions,  as t h e  
br ightness  s lowly  increased .  Such a procedure might  e levate  thresholds  be-  
cause  of  decreased  sens i t iv i ty  of t h e  eye as it  adap t s  t o  the  b r igh te r  beacon  
3 .  No at tempt  was made t o  r e s t r i c t  head  motion i n  t h e  p r e s e n t  ex- 
periment. 
b. The i n s t r u c t i o n s  g i v e n  t o  s u b j e c t s  i n  t h i s  e x p e r i m e n t  d e l i b e r -  
a t e l y  encouraged them to  be  f f abso lu te ly  su re f f  be fo re  judg ing  tha t  an  in -  
c r e a s e  i n  b r i g h t n e s s  had occur red .  In  con t r a s t ,  t h re sho lds ,  i nc lud ing  
those from Connor's study, are typ ica l ly  ob ta ined  by d e t e r m i n b g  t h e  i n c r e -  
ment t h a t  i s  d iscr iminable  $O% of  the time. 
The conservative procedure employed i n   t h i s  experiment w a s  chosen 
a s  one means c,f r educ ing  the  va r i ab i l i t y  in  judgmen t s  which was an t i c ipa t ed  
f o r  t h i s  r a t h e r  ambiguous t a s k .  I n  a d d i t i o n ,  f o r  p r a c t i c a l  p u r p o s e s ,  i t  
was d e s i r e d  t o  o b t a i n  l i m i t i n g  r a t h e r  t h a n  o p t i m i s t i c  e s t i m a t e s  o f  t h e  
c a p a b i l i t y  o f  humans f o r  making the type of judgments involved. 
The s i z e  of the thresholds observed under these conditions indi-  
ca t e  t ha t  a t t en t ion  shou ld  be  g iven  to  methods f o r  improving such judgments, 
i f  as t ronauts  are ever  expec ted  to  use  them as a b a s i s  f o r  f l i g h t  c o n t r o l  
ac t ions .  The l a g s  i n  a system  dependent upon t h e  s e n s o r y  c a p a b i l i t i e s  
demonstrated i n  t h i s  e x p e r i m e n t  would be formidable. 
Po ten t i a l  app l i ca t ions  o f  d i sc r imina t ion  th re sho lds .  - A s  has been 
indicated,  &, E,  the  br ightness  change  requi red  to  d iscr imina te  an  increase  
in  the  appa ren t  b r igh tness  o f  a beacon, depends upon t h e  i n i t i a l  b r i g h t n e s s  
of  the beacon and the rate  of  br ightness  change.  Values  for  A E,  Ei ( i n i -  
t i a l  b r i g h t n e s s )  and l o g  E ( ra te  of  change  of  the  logar i thm of  br ightness)  
were p l o t t e d  as p a r a m e t r i c  r a t i o s  i n  F i g u r e  6. Although those curves are 
thought to approximate the relationships between the experimental  variables,  
they are not based upon s u f f i c i e n t  d a t a  t o  p e r m i t  t h e i r  u s e  as ac tua l  de-  
sign a ids .  For p u r p o s e s  o f  i l l u s t r a t i o n ,  however, four equations have been 
developed which, together with more extensive empir ical  data ,  could be used 
to  de te rmine  e i ther& ( the  . increment  in  range  necessary f o r  d i s c r i m i n a t i n g  
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I 
a brightness change), given a spec i f i c  beacon  in t ens i ty ,  o r  the beacon in- 
t ens i ty  r equ i r ed  to  a s su re  d i sc r imina t ion  o f  t he  b r igh tness  change  a s soc ia t ed  
with a given A R. These equations are as follows: 
(1) Ei = I - 
2 
(3) - A E  = A R ( 2  Ri - A R 2 )  
In  these  equat ions ,  R .  i s  t h e  i n i t i a l  r a n g e  i n  f e e t ,  R .  i s  t h e  i n i t i a l  r a n g e  r a t e  
i n  f e e t / s e c . ,  and I i s  the  in tens i ty  of  the  beacon.  
1 1 
Under the  a s sumpt ion  tha t  t he  r e l a t ionsh ips  p i c tu red  in  F igu re  6 a r e  
in  f ac t  l i nea r ,  t he  combina t ion  o f  empi r i ca l  da t a  and  the  fou r  equa t ions  would 
permit the determination of either AR o r  beacon i n t e n s i t y   f o r  a va r i e ty  o f  
i n i t i a l  c o n d i t i o n s .  
If Ri,  Ri, and I were known f o r  a nighttime beacon sighting, the A R  
required to  determine that  the beacon was closing could be found by obtaining 
with equations (1) and ( 2 )  and the proper  empir ical  curve,  and e n t e r i n g  AE  -E 
the  r e su l t i ng  va lue  in  equa t ion  (4). On t h e  o t h e r  hand, given the allowable 
AR, Ri, and Ri, t h e  minimum acceptable beacon intensity could be found by 
obtaining E with equations ( 2 )  and (3) and the proper empirical  curve,  and 
enter ing the value f o r  E i n  equa t ion  (1). 
i 
i 
By t h i s  means, i t  would a l so  be  poss ib l e  to  examine the tradeoff be- 
tween power requirements, as represented by beacon intensity, and the  m a x i -  
mum acceptable  A R.  
For more precise  determinat ions,  the procedures  descr ibed in  the pre-  
ceding paragraphs should a l so  take in to  account  in te rvening  media such as 
34 
windows and o p t i c a l  d e v i c e s  t h a t  would reduce the level of beacon brightness 
a t  t h e  o b s e r v e r l s  eye. Furthermore,  . the  effect  of  adaptat ion f ie ld  br ight-  
ness should be examined i n  o r d e r  t o  e v a l u a t e  i ts  in f luence  upon t h e  em- 
p i r i c a l  c u r v e s r e q u i r e d  f o r  t h e  c a l c u l a t i o n s .  
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RECOMMENDATIONS 
1. The in tens i ty  of  spacecraf t  beacon?  should  be  increased  to  a 
m a x i m u m  cons i s t en t  w i th  o the r  cons t r a in t s ,  i f  judgments of change i n  t h e  
dis tance separat ing rendezvousing vehicles  are t o  be based upon associated 
increases  in  beacon br ightness .  
2. Within the limits inves t iga t ed  in  th i s  s tudy ,  beacon  f l a sh  r a t e  
and ffonlf time should not be considered as c r i t i c a l  f a c t o r s  i n  t h e  d e s i g n  o f  
beacons intended f o r  use i n  judging changes i n  t h e  d i s t a n c e  between two ren- 
dezvousing spacecraf t .  
3. Addit ional  research should be performed to  extend the implica-  
t i ons  o f  t h i s  s tudy .  
a)  The conclusions of  the present  s tudy should be ex-  
tended  by  ver i fy ing  the  resu l t s  over  a wider range of beacon 
illuminance, including beacons of both higher and lower in-  
t ens i ty  than  those  inves t iga t ed .  
b )  Changes i n  d i f f e r e n t i a l  t h r e s h o l d s  as a func t ion  
of t he  in i t i a l  s t a r t i ng  d i s t ance  shou ld  be  de t e rmined .  
c )  F a s t e r  f l a s h  r a t e s  and s h o r t e r  rronlf times should 
be  inves t iga ted  in  order  to  de te rmine  the  poin ts  a t  which 
t h e s e  v a r i a b l e s  become important. 
d )  The r e l a t i v e  e f f e c t i v e n e s s  o f  d i f f e r e n t  c r i t e r i a  
used i n  judging brightness increases should be determined, 
and aids for improving such judgments should be devised 
and t e s t e d .  
e )  The a b i l i t y  t o  u t i l i z e  o p t i m a l l y  a i d e d  judgments 
i n  t h e  c o n t r o l  o f  a spacecraft  should be experimentally 
evaluated. 
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APPENDIX A 
LANGLEY VISUAL STUDY 
I n s t r u c t i o n s  f o r  Day I 
(Check t o  see t h a t  s h u t t e r  i s  c losed) .  (Check t o  see 2.9  f i l t e r  i s  
i n  p l a c e ) .  (Show s u b j e c t  t h e  c o n t r o l  room and p o i n t  o u t  t h e  l i g h t  s o u r c e  
and the  con t ro l  pane l .  Sea t  sub jec t  i n  cha i r  and a d j u s t  l i n e  o f  s i g h t  and 
headres t .  Expla in  tha t  subjec t  will hear  a varying pattern of sounds during 
t h e  e x p e r i m e n t .  M a i n t a i n  l i g h t  l e v e l  i n  room jus t  h igh  enough f o r  r e a d i n g  
i n s t r u c t i o n s ) .  
When  two spacecraf t  must rendezvous, i t  i s  necessary,  i n  o r d e r  t o  
prevent  co l l i s ions ,  to  provide  as t ronauts  wi th  accura te  informat ion  con- 
ce rn ing  the  r a t e  w i th  which  one spacecraf t  i s  approaching the other .  Nor- 
mal ly  th i s  i n fo rma t ion  i s  supplied by radar,  but,  i f  t he  r ada r  shou ld  f a i l ,  
the ast ronauts  might  have to  depend upon d i r ec t  v i sua l  s igh t ings ,  w i thou t  
a s s i s t ance  from e lec t ron ic  dev ices .  
Unless the sun were being reflected from the spacecraft ,  the dis- 
tance over which the approaching spacecraft could be seen would be limited. 
To inc rease  th i s  d i s t ance ,  it i s  l i k e l y  t h a t  a f l a sh ing  beacon  l igh t  will 
be employed. 
I n  a d d i t i o n  t o  h e l p i n g  t h e  a s t r o n a u t  t o  d e t e c t  a spacecraf t ,  t h e  
beacon may a l so  enab le  the  a s t ronau t  t o  judge  the  rate with which the space- 
c r a f t  i s  approach ing ,  s ince  the  b r igh tness  o f  t he  l i gh t  will i nc rease  as t h e  
two spacecraf t  come c lose r  t oge the r .  
Our purpose i n  t h i s  s t u d y  i s  to determine i f  such brightness changes 
might be useful t o  a n  a s t r o n a u t  as a means of  judging  tha t  one  spacecraf t  i s  
approaching another. Your c o o p e r a t i o n  i n  making a series of judgments will 
he lp  us  to  e s t ab l i sh  spec i f i ca t ions  fo r  t he  des ign  o f  spacec ra f t  beacons .  
The beacon t h a t  you are to  obse rve  will appear  s t ra ight  ahead of  you, a s  a 
very small po in t  of l i g h t ,  i n  t h e  c e n t e r  o f  a r i n g  of s m a l l  l i g h t e d  s p o t s  
t h a t  you will see i n   t h e  window. 
During  the  observa t ion  per iod ,  th i s  room will be darkened t o  
resemble the conditions under which an  as t ronaut  might  be  looking  for  a 
beacon. A s  you know, your eyes become  more. s e n s i t i v e  t o  l i g h t  when you 
remain i n  a darkened room. I n  o r d e r  t o  i n s u r e  a cons tan t  level of s ens i -  
t i v i ty  p l ease  t e l l  m e  when you first see t h e  r i n g  o f  l i g h t e d  s p o t s .  Use 
t h i s  i n t e r c o m  t o  t e l l  me when you see the  r ing .  (Exp la in  tha t  sub jec t  does  
not  have  to  opera te  t h e  switch on the intercom).  
During the experiment we will run  a series o f  s epa ra t e  trials. 
After  each trial ends,  a lso t e l l  me as soon as you aga in  see t h e  r i n g .  
Between t r ia l s  you may relax and move your. head away from the head 
r e s t ,  if you wish, while I set up the  cond i t ions  fo r .  the  next  trial. After 
you r e p o r t  t h a t  you see the ring, and as soon as I complete my se t  up, I 
will s a y  t h e  word flstartlf and you can begin the t r i a l .  You will do t h i s  by 
pushing the Ifstartff but ton.  
When you start t h e  trial, the beacon will appear i n  t h e  c e n t e r  o f  
t h e  r i n g  as a p o i n t  of l i g h t .  
Your t a s k  will be to  observe the beacon and determine when t h e  
br ightness  of  the beacon has  increased.  
In  order  to  produce  usefu l  in format ion  you must l e a r n  t o  be very 
c o n s i s t e n t  i n  d e c i d i n g  j u s t  when an  inc rease  in  b r igh tness  has  occur red .  
Try to  develop a s tandard way of judging which you can apply on each t r i a l .  
Such a procedure will he lp  you t o  make consistent judgments. 
When you are abso lu te ly  su re  tha t  t he  b r igh tness  has  inc reased ;  -
immediately push the lrstoplf button. A t  t h a t  time the beacon will go o f f ,  
This  process ,  as  descr ibed,  will be repeated over a s e r i e s  o f  trials. 
On most of t he  t r i a l s  t h e  l i g h t  will be  f lash ing  ra ther  than  s teady ,  and 
from  one trial t o  t h e  n e x t  t h e  r a t e  o f  f l a s h i n g  may be  d i f f e ren t .  Fu r the r -  
more, the  percentage  of  t i m e  t h a t  t h e  l i g h t  i s  rronfl  during a f lash may be 
a l t e r e d ,  and the  ra te  of  br ightness  change  will be var ied.  
F ina l ly ,  t he  in i t i a l  b r igh tness  o f  t he  beacon  may a l so  be  changed 
f rom t r i a l  t o  t r i a l .  Rega rd le s s  o f  t he  in i t i a l  level ,  however,  your  judg- 
ments concerning increases i n  beacon brightness must be made i n  comparison 
t o  t h a t  i n i t i a l  b r i g h t n e s s  a t  which t h e  t r i a l  s t a r t ed ,  w i thou t  r ega rd  fo r  
condi t ions on previous tr ials.  
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A s  a r e s u l t  o f  t h e s e  d i f f e r e n t  c o n d i t i o n s  you may f i n d  t h a t  o n  some 
trials you wil see a brightness change i n  a s h o r t  time, while  on other  
trials it may take a much long& time t o  n o t i c e  a change. Do not  l e t  t h i s  
influence your judgments.  Regardless of time, push t h e  flstop' l  button only 
when you have seen a change i n  b r igh tness .  Because  o f  t he  low l igh t  l eve l  
of the beacon, you might not see it immediately af ter  a trial b e g i n s ,  o r  
you might not see it  on every flash. Consequently you may b e  a b l e  t o  i n -  
crease the consistency 'of your judgments by basing them on a series of 
success ive  f l a shes  r a the r  t han  on  the  appea rance  o f  any  one  pa r t i cu la r  
f l a s h .  Now I s h a l l  b r i e f l y  summarize  your ac t ions  fo r  each  trial: 
1. Press   the  flstartfl but ton  af ter  I say   the  word 
l ls tar t t t  on each tr ial .  
2 .  Press  t h e  llstop'l bu t ton  when you are absolu te ly  
sure  the  br ightness  has  increased .  
3. Report  that  you  can see t h e  r i n g  o f  d o t s  a f t e r  
each t r i a l .  
4. Wait f o r  the   next  t r ial .  
Do you have any questions about the instructions covered so f a r ?  
I n  o r d e r  t o  g i v e  you a chance t o  become fami l ia r  wi th  procedures ,  
and t o  h e l p  you develop a consistent basis for your judgments,  the remainder 
of today's experimental  period will be  used  exc lus ive ly  for  prac t ice .  This  
p rac t i ce  pe r iod  i s  extremely important  because the resul ts  obtained on t h e  
f i n a l  day will depend upon the consistency with which you l e a r n  t o  make your 
judgments  today. On c e r t a i n  trials, condi t ions will b e  i d e n t i c a l  so t h a t  I 
can determine the consistency of your judgments.  If we don ' t  achieve an 
acceptab le  leve l  of  cons is tency ,  we will not  be  ab le  to  run  you on t h e  
second day of the experiment. 
I will be control l ing the experiment  from the  nex t  room. After I 
s h u t  t h e  d o o r  t o  t h i s  room, I s h a l l  t u r n  o u t  t h e  l i g h t s  and we will proceed 
a f t e r  a t e n  minu te  pe r iod  tha t  will permit your eyes t o  become s e n s i t i v e  
enough t o  see t h e  r i n g  o f  do ts .  If a t  any po in t  du r ing  the  p rac t i ce  trials 
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YOU wish  t o  communicate with me, j u s t  t a l k  i n t o  t h e  i n t e r c o m .  
When the ten minute  per iod has  e lapsed,  I will turn  on  the  beacon 
and show you the  r ange  o f  br ightness  levels t h a t  you will be working with. 
I will s t a r t  w i t h  t h e  dimmest beacon and gradually increase i t  t o  t h e  
b r i g h t e s t .  
no you have any questions?” 
(Begin t iming ten minute  interval) .  
(Turn subject’s  room l i g h t s  o f f .  T e l l  s u b j e c t  when f ive minutes  have passed) .  
(Reset clock) .  
(Turn  on  tape  recorder  before  s ta r t ing  exper iment ) .  
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I n s t r u c t i o n s   f o r  Day I1 
(Adjust  seat and head rest). 
'!Today w e  will cont inue  wi th  the  same procedures upon which you 
prac t iced  yes te rday ,  and ,your  task  will be  iden t i ca l .  P l ease  remember t o  
r epor t  when you see t h e  r i n g  o f  d o t s  af ter  each trial. 
F i r s t ,  af ter  again viewing the range of beacon brightness,  we will 
run through a s h o r t  series of p r a c t i c e  trials t o  h e l p  you r e e s t a b l i s h  your 
bas i s  fo r  j udg ing  inc reases  in  b r igh tness .  Remember t o  b e  as c o n s i s t e n t  
as you can from t r i a l   t o  trial and t o  push t h e  Ilstoptf button only when you 
are a b s o l u t e l y  s u r e  t h a t  you have seen a change i n  b r i g h t n e s s .  
After the pract ice  per iod has  been completed w e  will r u n  t h e  f i n a l  
s e r i e s  o f  trials upon which our  exper imenta l  resu l t s  will depend. 
Do you have any questions?" 
(Adjus t  headse t ) .  
( T u r n  o f f  l i g h t s ) .  
(Give five minute warning).  
(Demonstrate brightness range).  
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